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ABSTRACT

STRUCTURAL ANALYSIS IN
BEYPAZARI-AYAS-KAZAN-PEGENEK AREA
NW OF ANKARA (TURKEY)

DEMIRCI, Cengiz Y.
Ph.D., Department of Geological Engineering

Supervisor: Assoc. Prof. Dr. Vedat TOPRAK

March 2000, 178 Pages

This study deals with the analysis and evaluation of geologic structures
developed within Neogene sequences in Beypazari-Ayag-Kazan-Celtikgi
area. Neogene units exposed in the area are, from bottom to top, Coraklar
(Early Miocene), Hirka (Early Miocene), Akpinar (Middie-Late Miocene),
Cayirhan (Late Miocene) and Kirmir (Late Miocene) formations. An age
determination carried out in this study yielded 7.7+0.4 Ma for Kirmir
Formation. Neogene sequence unconformably overlies pre-Miocene
basement rocks and is unconformably overlain by Plio-Quaternary clastic
rocks. Neogene volcanics usually underlie unconformably Neogene
sequence.

Geological structures analyzed in the area are bedding planes, monoclines
and fauits. A total of 1990 bedding planes are measured and processed for



different units in separate areas. Accordingly the fold axis are in dominantly
NE-SW direction. Ten monoclines are identified and described in the area.
Monoclinal axis are parallel to the fold axis. Slip lineation data are measured
along the fault planes and processed using direct inversion method. Analysis
indicate that there are three tectonic phases in the area for Neogene period.
Directions of the maximum principal stresses of these phases are, from
oldest to youngest, 1) 096°, 17° (compression), 2) 189°, 17° (compression),
and 3) 308°, 88° (extension).

Most of the faults in the area are reactivated in the next phases as indicated
by overprinted slickensides. Overturned beds with N-S fold axes are the
products of first compression phase. Age of this phase is post-Cayirhan and
pre-Kirmir formations. Second compression phase produced the monoclines
and controlled deposition of Kirmir Formation. Therefore, age of this phase is
Late Miocene. Extensional phase is still operating in the area as depicted by
the focal mechanisms of recent earthquakes.

Keywords: monocline, slip analysis, bedding planes, Neogene tectonic
phases, NW of Ankara
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BEYPAZARI-AYAS-KAZAN-PECENEK BOLGESINDE
YAPISAL ANALIZ
ANKARA KUZEYBATISI (TURKIYE)

DEMIRCI, Cengiz Y.
Doktora, Jeoloji Muhendisligi Béluma

Tez Yoéneticisi: Dog. Dr. Vedat TOPRAK

Mart 2000, 178 Sayfa

Bu calisma Beypazari-Ayas-Kazan-Celtikci bdlgesinde yuzeyleyen Neojen
istifi icinde gelismig jeolojik yapilarin analizini ve degerlendirmesini amaglar.
Alandaki Neojen birimler, alttan tste dogru, Coraklar (Erken Miyosen), Hirka
(Erken Miyosen), Akpinar (Erken-Orta Miyosen) Cayirhan (Ge¢ Miyosen) ve
Kirmir (Ge¢ Miyosen) formasyonlarindan olugur. Kirmir Formasyonundan bu
calismada yapilan bir yag analizi 7.7+0.4 milyon yil vermigtir. Neojen birimleri
Miyosen o6ncesi birimleri uyumsuz olarak 6rtmekte, Pliyo-Kuvaterner yasl
klastik kayalar tarafindan ise uyumsuz olarak 6rtimektedir.

incelenen jeolojik yapilar tabakalanma, monoclinaller ve faylardir. Toplam
1990 adet tabaka dizlemi 6l¢Ulmis ve farkli alanlarda degisik birimler igin
proses edilmigti. Buna gbére kiviim eksenleri egemen olarak KD-GB



yénindedir. On adet monoclinal belilenmis ve tanimlan yapilmigtir.
Monoclinal eksenleri kiviim eksenlerine paralledir. Fay duzlemleri boyunca
élgtlen kayma lineasyon verileri “direct inversion method” kullanilarak proses
edilmigtir. Analiz sonuglari bdlgede Neojen dénemi igin Gg¢ farkl tektonik fazin
varligini géstermistir. Yaglidan gence dogru bu fazlarin egemen stres yonileri
1) 096°, 17° (sikigrma), 2) 189°, 17° (sikishrma), and 3) 308°, 88°
(genigleme) olarak belirlenmigtir.

Kayma lineasyon verilerindeki izlerden de anlagildigi gibi alandaki birgok fay
yeni donemlerde harekete gegmistir. Eksenleri K-G dogruldusunda gelismig
devrik kivrimlar birinci fazda olugmustur. Bu faz Cayirhan Formasyonu
sonrasi Kirmir Formasyonu 6ncesi bir dénemde olusmustur. ikinci faz
monoklinallerin olusumunu saglayan ve Kirmir Formasyonunun g¢ékelimini
denetleyen fazdir. Bu nedenle, bu fazin yasi Ge¢ Miyosendir. Son faz ise,
deprem ¢ézimlemelerinden de anlasilacagi gibi, bélgede halen egemen olan
fazdir.

Anahtar sézcukler: monoklinal, tabaka dizlemi, slip analizi, Neojen tektonik
fazlari, KB Ankara
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CHAPTER 1

INTRODUCTION

1.1 Purpose and Scope

The area west and northwest of Ankara is surrounded by extensive Neogene
sequences. Stratigraphy of these sequences is, in general, weTl known
mostly because of the presence of economic deposits such as coal and
trona. Most of these sequences are deformed and comprise various
geological structures. Among these structures faults and folds (including
monoclines) are the most prominent ones. Scope of this thesis is restricted to
the analysis of these structures developed within the Neogene sequences
between Beypazari-Ayas-Kazan and Pegenek area. A particular é;ctention is
given to the Kirmir Formation that is the youngest and widespread Neogene
unit exposed in the area.

These analyses are believed to contribute to the understanding of the
Neogene evolution of the region. The main objective of this study is,
therefore, to investigate the nature of Neogene tectonic deformation in the
area. Necessary geological structures are collected in the field, particularly

slip-lineation data, and will be processed to achieve this objective.
1.2. Geographic Setting

The study area covers the region northwest of Ankara, bounded on the west
of Cayirhan at the west, Pegenek at the north, Ayas at the south, and Kazan
at the east (Figure 1.1). The area is located within the 1:100.000 scale H-27,
H-28, and H-29 topographic maps of Turkey.



The western part of the study area is about 4 hours drive to Ankara. Most of
the area is accessible during the whole year in all weather conditions.
Highlands around Kéroglu Mountains and Kizilcahamam region stay under
snow during the winter and is not accessible.

1.3. Topography and Drainage

The study area is located within the northern part of the of Sakarya River
drainage basin. The three main tributaries of Sakarya River in the region are
the Porsuk, Ankara, and Kirmir streams. Kirmir stream passes through the
central part of the study area, and flows in a SSW direction until it joins the
Sakarya River in the SW corner of the study area.

Figure 1.1. Location map of the study area.
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The topography of the region is very rugged, is characterized by ridges, and
deeply dissected fluvial valleys, particularly at the northern area. Elevation of
the area generally decreases from north to south (2400 meters to 750 meters
(Figure 1.2).

The drainage pattern in the area shows regional and local variations. At
regional scale, the pattern resembles to an outward radial drainage pattern
where the tributaries are flowing southward through the Kirmir drainage
basin. The Kirmir in this case acts as a concentric stream. In local scale,
however, the drainage pattern changes depending on the local conditions
(structure, lithology and topography) from place to place. Examples are the
inward radial drainage pattern in the Pegenek area and the sub-parallel
drainage pattern in the Celtik¢i area.

Figure 1.2. Drainage pattern of the study area and its surroundings (the red line is
the divide of the Sakarya drainage basin).



1.4. Climate and Vegetation

The climate of the region is specialized to central Anatolia where the
temperature is generally high during the summer and cold during the winter.
Precipitation is in the form of rain during spring and fall seasons, with snow
and rain typical in the winter. The mountains comprising the volcanic
complexes in the northern part of the study area are generally not accessible

from December through April.

Vegetation is very dense towards the northern part of the study area. It
includes broad-leaved trees, pine trees, bushes and grass. Vegetation is
more dominant at the northern flanks of the hills due to higher moisture

retention on north-facing slopes.
1.5 Method of Study

The fieldwork of this study was carried out from 1995-1999. During the field
studies, necessary geological data were collected as described below.
Selected areas are mapped at 1/10.000 to 1/25.000 scale to show the nature
of geological structures in the region. Rock units older than Miocene are
considered as “basement rocks” and are not dealt in this study. They are

briefly explained in Chapter 2.
Following techniques and tools are used to achieve the objectives of thesis;

1. Aerial photographs of the study area at 1/25,000, 1/30,000 and
1/60,000 scale are analyzed to observe spatial extend and distribution
of geological structures. A satellite image of the area (Landsat TM5,
RGB: 147) is provided for regional interpretation of certain features,

particularly monoclines.

2. Radiometric age of a sample from the Kirmir Formation was
determined for this study by the Geochron Laboratories, USA.

4



3. Many slickenside data (more than 1000) are collected from either fault
planes or wall rocks to understand the deformational history of the
region. Principal stress directions are calculated and the deformational
patterns of each phase are obtained. Data processing methods were
studied at the University Pierre-and-Marie Curie under the guidance of
Prof. Jacques Angelier. Processing of the data was performed in
Turkey. Basic concepts and techniques of slip data are given in
Appendix A. Measured slip data are tabulated in Appendix B.

4. Many samples (over 100) are collected for paleontologic purposes
from the Kirmir Formation. Dr. Nurdan Yavuz (MTA) examined these
samples and she found that the samples are sterile. Prof. Cemal
Tunoglu carried out the paleontological determinations in the
Hacettepe University Laboratories. He also observed that most of the

samples are sterile.

5. The stratigraphic code of the North American Commission on
stratigraphic nomenclature (1983) is used in the naming and adapting

of rock units.

1.6. Previous studies

Many pioneers worked in the area for many years for economic and scientific
purposes. These studies mainly focused on coal and trona exploration in the
Beypazan basin, volcanics, geochemistry, and mineral exploration in the
Galatian Massif, and stratigraphic works in other basins. These studies are

summarized below in chronological order.

Milch (1903) and Leonhard (1903) studied the area around Kizilcahamam
and named volcanic units exposed in the region as “Galatia volcanic massif’.



Stefanski and Lahn (1940) studied Ankara-Cankiri-Gerede region and
indicated that the volcanic rocks are mainly dacites, andesites, and tuffs.

They suggested an age of Cretaceous to Middle Miocene.

Stchepinsky (1942) studied Beypazari-Nallihan-Bolu-Gerede region and
indicated that volcanic rocks north east of the Beypazarn are alkaline and
mainly tracybasaltic-basaltic. He also studied fossil content of the red clastics
north of Cayirhan and indicated that they are Oligocene in age.

Lahn (1946) indicated that volcanics in the Kizilcahamam area consist of

andesitic, dacitic, basaltic and rhyolitic lavas intercalating with tuff layers.

Blumental (1948) studied volcanics in the region and called them “Galatia
Complex”. He indicated that the Galatia complex consists of mainly
hornblende-augite andesites with minor amount of dacites. The complex is
Early Miocene in age and basalts in the area are of a later phase.

Erol (1951, 1952, 1954) identified two series of volcanic rocks north of
Ankara and named them as “older and younger volcanic series”. Older series
consist of andesites and younger series are composed of andesites, dacites,
and basalts intercalated with tuffs and agglomerates. Ages of both series are
suggested to be older than Miocene. He indicated that the Tertiary volcanism

started as rhyolitic and continued as andesitic and basaltic.

Brelie (1954) studied the coal bearing clastic units north of Cayirhan. He
made palinological studies for the pollen content of the coal units and

proposed that they are Pliocene in age.

Van Der Meer Mohr (1956) studied the Beypazan basin to investigate the
hydrogeological potential of the Neogene rock units and prepared a

geological map of the area at 1/25000 scale.

Goékmen (1965) estimated an amount of 70 million tons of coal in the area.

— c—

Wedding (1965) studied the Cayirhan region for its coal potential.
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Akyol (1969) studied the coal seams around Kizilcahamam and Celtik¢i area.
An age of M. Miocene was iassigned by palinological studies.

Fourquin ef al. (1970) studied Neogene sediments in Begkonak area.
According to them the sequence is a volcano-sedimentary pile with
diatomites, basalts, pyroclastics, volcanic breccias, andesites and basalts.
They found the age of diatomites is younger than Burdigalian. Age of
volcanic rocks below this horizon is accepted as Paleogene.

Sengiin (1971) studying around Ayas claimed that volcanics are composed

of Lower Miocene pyroclastics and Early Pliocene andesitic-basaltic lavas.

Unli (1974) studied volcanic rocks around Pegenek for their geothermal
potential, and divided the volcanic rocks into two successions as “lower

volcanic succession” (Eocene) and “upper volcanic succession” (Miocene).

Fourquin (1975) grouped volcanic rocks in Kizilcahamam area into three
units: a lower volcanic unit (pre-Lutetian), a middle sedimentary unit with
rhyolite and trachyandesite intercalations, and an upper andesite unit (pre-

Miocene). Basalts that cap the older ones belong to a Pliocene phase.

Sahinci (1975) made hydrogeological investigations around llica hot spring
(west of Ayag) and indicated that basaltic and andesitic rocks could be Late
Miocene and obsidians around lhica village could be Late Pliocene.

Tath (1975) studied geology and geothermal resources of the eastern

Kizilcahamam geothermal field.

Tekkaya et al. (1975) studied the Middle Miocene-Pliocene series and their
vertebrate content . They observed the following vertebrates: Trilopnodon
pentelicus LARTET, Hipparion gracile KAUP, Paleotragus sp.,
Helladotherium sp., Gazella gaudryi SCHLOSSER, Gazella sp., Protoryx
cf. Crassicornis ANDREE, Paleoreas lindermayeri GAUDRY, Tragoceros
amaltheus ROTH et WAGNER, Cervus sp. Based on this fossil content, an

Early Pliocene age was assigned to Hancili Formation.
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Ongur (1976 and 1977) studied geology of NW of Kizilcahamam and divided
volcanics into several groups based on their petrographic characteristics.

Besang et al. (1977) published two K-Ar age determinations of volcanic rocks
(23.6 & 25.0 Ma) which are intercalated with Neogene sediments.

Turgut (1978) studied lignite potential of the Camlidere and Celtik¢i areas. He
pointed out that there were sixteen lignite outcrops in the area but none of
them were economically important. Palynologic data indicated that the age of
the lignites in this basin is Middle Miocene.

Gurbuz (1981) studied Middle Miocene fauna west of Kazan around Inéni
area, focusing on white marlstones which cover large area west of Kazan. He
described a lower jaw fragment belonging to Hemicyon sansaiensis from
the Middle Miocene Anchitherium fauna of Inénii locality and compared with
other Hemicyon species found in Europe. He suggested and age of Early

Astaracian and placed the fauna in mammalian zone 6.

Ach (1982) recognized that volcanic field north of Ankara is composed of a
mixture of lava flows, tuffs, and agglomerates ranging in composition from
high-K basaltic andesite to rhyolite. Dacitic flows are the most common. A K-
Ar date gives a Middle Eocene age (42.0 + 1.6 Ma).

Erguin and Sar (1982) studied regional gravity and aeromagnetic maps of the
Ankara region (flight height is 700 meters). The main structural trend were
found to be NE-SW. In the south of the region, the deeper structures were
found to be trending in NW-SE direction.

Okay and Gursoy (1984) studied geothermal potential of Kizilcahamam-
Gerede district by geophysical (gravitational) methods. They mentioned two
important faults in the investigated area: the Celtik¢i fault and a fault lying
between the Pegenek and Sorgun passing through Bayindir.

Gundogdu et al. (1985) studied the presence of authigenic minerals in the

Beypazar trona deposit.



Tankut (1985) indicated that mafic volcanics around Ankara can be
classified, in terms of the major and immobile trace element (Ti, Zr, Y, Nb)
abundance, into two groups as alkaline basalts and shoshonites. The Zr and
Y contents of both group of rocks suggest a “within plate tectonic setting” for

the mafic volcanics around Ankara.

Kazanci and Gokten (1986) studied sedimentary aspects of the rocks in
Orhaniye region. They indicated that Paleocene-Lower Eocene units are
deposited in the alluvial fan and fluvial environment with interlayers of

volcanics and carbonates.

Ach and Wilson (1986) obtained four K-Ar age dates around Ankara.
Accordingly, the volcaic rocks around Hiiseyingazi and Baglum are Eocene
in age (38.844.7 Ma).

Kazanci and Gokten (1988) observed a cyclic sedimentation within the
Paleocene-Lower Eocene sediments. They indicated that this is due to
intense epiorogenic-tectonic deformation during the Paleocene time. Tectonic
environment was assumed to be an intra-arc basin based on intense
volcanoclastics and very rare lava flows. They assumed that sediment supply

was mainly from north to south.

Gokten et al. (1988) proposed a compressional tectonic regime during Oligo-
Miocene that changed into an extensional regime during Pliocene time.

Yagmuriu et al. (1988a) investigated depositional setting and geometric
structure of the Cayirhan lignite deposit. They assigned an age of Early

Miocene to these deposits.

Yagmurlu et al. (1988b) indicated that gravity tectonics in the Beypazan
basin began in Early Miocene, and is characterized by growth faults. A NW-
SE directed compressional regime replaced this, probably during Early
Pliocene. During this new phase, reverse faults, imbricate structures, thrust

faults, and overturned folds were formed.



Inci et al. (1988) studied Miocene sequences in Beypazan area. They
indicated that the age of the Beypazarn lignites is Middle Miocene
(Serravallian). They identified the following ostracod species collected from
the Bozgayir member of Cayirhan Formation; Cheikella subtriangulata
GAGIC, Candona steinheimensis SIEBER, Candona (Casﬁi‘bcypris)
erzurumensis FREELS, Candona (Pseudocandona) moravica KRSTIC,
Cypria sp., llyocypris sp., and Typhlocypris sp. Based on the these fossil
assemblages, a Late Miocene (Pannonian) age is assigned to the unit. They
identified following Late Miocene (Pontian) ostracods from the Kimir
Formation: Heterocypris vialovi (SNEIDER), Cheikella subtriangulata
GAGIC and Bacunella subtriangularis (SVEJER).

Kogyigit et al. (1988) indicated that the Orhaniye region was formed during
the Early Campanian time as a fore-arc basin at the northern margin of the
active Neo-Tethys. The region stayed in this character until the end of
Lutetian. Sediment supply in the region and Tuzgolu area (Tuzg6li and

Haymana basins) was from north.

Tankut et al. (1990) suggested the age of alkaline basaltic rocks, which occur

as plateau-forming sheets in Kizilcahamam, as Early Pliocene to Quaternary.

Kavusan (1991) studied coal seams around Cayirrhan and identified
Causcasotachea pyrpomysica Oppenheim 1919 within Akpinar Formation.
This indicates that the formation is Tortonian in age. The formation consists

of silicified lacustrine limestones, claystones, marl, and bedded chert layers.

Yimazer (1991) studied Plio-Quaternary clastic sediments around Ankara
that consist mainly of sedimentary breccias, conglomerates, and sandstones.

He claimed these sediments were deposited in intermountain basins.

Ozpeker et al. (1991) studied the mineralogy of the trona bearing Hirka

Formation of Beypazari.
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Tarkecan et al. (1991) studied geology and petrology of the Galatean
Volcanic Province. Based on radioisotopic age dating and paleontological
observations, they concluded that Neogene volcanism started in Early

Miocene time.

Kogyigit (1991a) proposed three dominant geological processes in the
Neotectonic period in the vicinity of Ankara. These are;

1. Fault-controlled continental sedimentation,

2. Calc-alkaline to alkaline volcanic activity,

3. Complex structural patterns of various young and reactivated older
geologic structures such as folds, low- and high-angle thrust faults,
strike-slip faults, normal faults and fault-parallel linear depressions.

These structures are classified into two major groups: 1) pre-Late Pliocene
structures, and 2) Late Pliocene-Quaternary structures. NE-trending
reactivated thrust faults and monoclines dominate the first group. These
structures are inherited from the former collisional regime and suggest
approximately a NW-SE directed contractional strain prevailed in the Ankara
region before Late Pliocene. In contrast, the second group, consisting mainly
of NE- and NW-trending normal faults and folds, reveals an approximately N-

S directed contractional strain operating since the Late Pliocene.

Kogyigdit (1991b) proposed that the contractional strain orientation in
progressive intracontinental deformation has been changed from NW to N-S

direction during the neotectonic period.

Keller ef al. (1992) indicated that the Galatean Volcanic Massif is a
dominantly Neogene andesite-dacite complex. The calc-alkaline andesite-
dacite association is accompanied by rhyolites and by undersaturated
alkaline olivine basalts. Rhyolites preceed andesite and dacites, whereas the
basalts occur late in the evolution as capping series. They made several age
determinations on the andesites and dacites, which fall in the age range of
20-18 Ma. Alkaline olivine-basalts are the youngest members of the Galatean
complex (11.6-9.5 Ma).

11

T.C. YOKSEKOGRETIM KURULY
DOKDMANTASYON MERKEZI



Tatar et al. (1993) investigated Cayirhan coal field with aparticular emphasis
given on the distribution and depositional environment of lower lignite seam

in the Coraklar Formation.

Sara¢ (1994) studied Rhinocerotidae biostratigraphy and palaeontology of
Neogene sediments in Ankara region and identified 7 mammalian fossil
zones (MN 6, 7, 8 zones in M. Miocene; MN 9+10, 11,12 zones in L.
Miocene; and MN 15 zone in Pliocene). He recognized 3 erosional phases
corresponding to MN 4-5 zones (between E. and M. Miocene), MN 8-9 zones
(between Middle and Late Miocene) and MN 14 zone (Early Pliocene).

Yagmuriu and Helvaci (1994) studied sedimentological characteristics and
facies of evaporate-bearing Kirmir Formation in the Beypazan area. They
divided the Kirmir Formation into four lithofacies. These are, from bottom, 1)
gypsiferous claystone facies, 2) thenardite-glauberite facies, 3) laminar
gypsum facies, and 4) crystalline gypsum facies. These facies interfinger with
each another laterally from the margins to central parts of the basin. The
lithological and sedimentological features of the Kirmir Formation indicate
fluvial, saline playa, hypersaline ephemeral playa lake, and very shallow
subaqueous playa lake depositional environments.

Ocakoglu and Ciner (1995) studied sedimentary evolution of the Orhaniye-
Glveng continental deposits of Paleocene-Early Eocene age. Paleocurrent
measurements, lithofacies characteristics and spatial distribution indicate a
close source to S-SE. Therefore, Paleocene-Lower Eocene sediments in the

area are not northward continuation of Tuzgéli Basin sequences.

Kogyigit et al. (1995) indicated that after the Late Eocene closure of the north
Neo-Tethys Ocean, the convergence between the Sakarya Continent to the
N and Menderes-Tauride Platform and Kirsehir Block to the S continued until
Late Early Pliocene in Ankara region. This southward tectonic transport was
accompanied by Oligocene-E. Pliocene continental molassic sedimentation
in a piggyback basin and post-collisional volcanic activity throughout the
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Galatean Volcanic Complex. During this tectonic transportation, all the rocks
were collectively deformed, thickened, stacked and put into a south-vergent
imbricate stack by folding and thrust faulting. At the end of late Early
Pliocene, extreme shortening, thickening and uplift led, on one hand, to a
rapid erosion and continental sedimentation, on the other hand, to the
emergence of a new tectonic regime because of the addition of the earth’s
gravity force to this increasing overload. Thus, Plio-Quaternary fan to terrace
conglomerates were deposited along the erosional surface of older and
intensely deformed rocks, and sealed earlier post-collisional compressive
regime and its records, such as the thrust faults, and tight to overturned folds.
This young sedimentation was accompanied by mostly strike-slip faulting,
during which a series of approximately NE-SW trending and fault-bounded
depressions drained by incised meanders developed. They described two
tectonic units in the region as the Ankara imbricate thrust fault zone (AITFZ)
and the Ankara forced fold zone (AFFZ). The AIFTZ constitudes the southern
side of the [zmir-Ankara-Erzincan suture zone and is composed mainly of
several NNE-SSW trending and south-vergent imbricate thrusts, along which
both the Hercynides and Alpides are thrust onto the Upper Miocene to Lower
Pliocene fluvio-lacustrine deposits. The AFFZ determines the northern side of
the IAESZ and is composed mainly of NE-SW trending and south-vergent
monoclinal to overthurned folds and high-angle thrust faults such as the
Nallihan thrust fault, Cayirhan-Beypazari and Ayas-Pazar monoclinal to-

overturned folds.

Karadenizli (1995) studied the sedimentology of the Kirmir Formation within
Beypazar Basin. Based on the sedimentologic properties of the gypsum, he
divided the Kirmir Formation into 3 subunits; 1) Individual gypsum beds
interbedded with green clays (open lake with short evaporatic phase), 2)
scattered gypsum crystals and bassanite within an organic rich mudstone
(marginal swamps with evaporatic ground water), 3) massive gypsum with

thin clay laminations (closed lake with evaporatic lake water).
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Gokten ef al. (1996) suggest that volcanism in the Ayas-Gudil-Celtik¢i region
was active since Oligocene (?)-Early Miocene and lasted until the end of
Early Pliocene. Conjugate fault sets (N45°W and N15°E) controlled the
volcanism during Late Oligocene-Late Pliocene. After Early Pliocene, N55°E

trending normal faults are formed.

Baran (1996) points out the presence of NE-SW trending normal faults at the
west and northwest of Ankara, as they are evident on geological maps and
MSS images. The April 4, 1995 earthquake recorded in the vicinity of Ayas
had a magnitude of 4.0 and a focal depth of 11 km. The focal mechanism for
this earthquake can be interpreted in two ways, but an oblique-normal
solution is a likely alternative considering the presence of NE-SW trending
normal faults existing in the area. Fault plane solution of another earthquake
occurred in Ayas region (April 9, 1995; magnitude 3.6, focal depth 5 km)

revealed a high-angle oblique-normal fault.

Siizen (1996) studied geology and mineralogy of the Neogene lacustrine
facies of Pelitcik (Pegenek) basin by means of remote sensing, fieldwork and
laboratory studies. He inferred, based on dolomite stoichiochemistry and
mineral paragenesis found in Pelit¢ik basin, that depositional conditions of
the lake as, perennial, shallow and quiet lacustrine environment with fresh to
slightly saline and slightly alkaline water chemistry. In addition, the lake has
started its evolution with a hydrologically open system and completed its

evolution with a hydrologically closed system.

Seyitoglu et al. (1997) studied the tectonism of the Ankara area. They
concluded that in Yuva, Yakacik, and Edige villages, the relationship
between the basement and Neogene units does not satisfactorily show a
Late Palaesogene to Late Neogene compressional regime. They claim that
the continuous compressive tectonic regime in the NW central Anatolia is

questionabile.
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CHAPTER 2

REGIONAL GEOLOGY

In this chapter, regional geological aspects of the area will be discussed.
These aspects are compiled from the literature and will be presented here
under three sub-headings; 1) Tectonic evolution of the region, 2) pre-
Neogene stratigraphy and 3) Galatian Volcanic Province.

2.1 Tectonic Evolution

Two super continents, Laurasia in the north and Gondwanaland in the south,
contributed to the geological evolution of Anatolia. Many blocks were derived
from these two super continents and characterize the geology of Anatolia.
This evolution referred to as the “Paleotectonic period” of Turkey, ended in
Miocene time (Sengdr and Yiimaz, 1981). Ketin (1966) divided Anatolia into 4
major tectonic belts, namely Pontides, Anatolides, Taurides, and Border
Folds. The study area is located within the Pontide belt (Fig. 2.1).

Sengér and Yilmaz (1981) indicated that the “neotectonic period” in Anatolia
commenced during the Miocene time as a result of the northward movement
of the Arabian Plate (Figure 2.2). This regime is characterized by the
westward tectonic escape of the “Anatolian Block” along the right-lateral
North Anatolian Fault Zone and the left-lateral East Anatolian Fault Zone.
The study area is located within the Anatolian Block (Fig. 2.2).
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Figure 2.1. Simplified geological map shoing major tectonic units of Turkey
(Modified from Ketin, 1966).
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Figure 2.2. Simplified Neotectonic map showing the location of the study area and
some of the major Neotectonic structures (Kogyigit, 1991a). A-Ankara; B-
Beypazari; D-Dokurcun; E-Erzincan; K-Karliova; LS-Salt Lake; BSZ-Bitlis
Suture Zone; CA-Cyprian Arc; DSFZ-Dead Sea Fault Zone; EAFZ-East
Anatolian Fault Zone; NAFZ-North Anatolian Fault Zone, 1-Beypazari-
Cayirhan faulted monocline; 2-Elmadag imbricate thrust zone; 3-Kirikkale-
Erbaa fault; 4-Almust Fault; 5-Ankara-Erzincan Suture; 6-Akpinar-Tasova
fault; 7-Salanda Fault; 8-Ecemis Fault Zone; 9-Salt Lake Fault Zone; 10-
Eskisehir Fault Zone; 11-Inegél fault; 12-Aksehir fault. Short black arrows
show the orientations of the maximum compressive stress along the
NAFZ; white arrows show the sense of plate motion, and the half arrows
show the relative sense of movement on the faults.
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2.2 Pre-Neogene Stratigraphy

Rock units exposed in the vicinity of the study area are shown in Figure 2.3.
Two Neogene rock associations are Galatian Volcanic Province (described in
the section 2.3) and continental basins (Beypazari, Pecgenek, Ayas, Kazan,
and Celtikgi), which are the main areas of interest of this thesis and will be
discussed in detail in Chapter 3.

Pre-Neogene units are considered as “basement rocks” in this study. A
correlation chart of basement rocks of Mesozoic age is given (Altiner et al.,
1991) from different parts of the area, illustrated in Figure 2.4.

7 Omiliiac

Figure 2.3. Regional geological map of the NW part of Ankara area (from 1/500,000
scale MTA geological map of Turkey).
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The oldest rock units observed within the region are the Paleozoic
metamorphic rocks, which consist of mica-schist, chlorite schist, amphibolite
schist, quartzite and marble. Altinh (1976; 1977) suggested that these rocks
are of pre-Permian age. They are intruded by granitic intrusions.

In the Mudurnu-Nallihan-Beypazan region, the lower part of the Jurassic-
Lower Cretaceous succession is represented by a volcano-sedimentary unit,
named as the Mudurnu Formation (Saner, 1980). The overlying pelagic
sedimentary sequence of Late Jurassic-Early Cretaceous age is attributed to
the Sogukgam Limestone (Saner, 1980; Yilmaz et al., 1981), which is later,
subdivided into three distinct units (Altiner et al, 1991). (1) The
porcellaneous and argillaceous limestones of Early Cretaceous age have
been defined as the true Sodukgam Limestone (Fig. 2.4). The underlying
detrital parts consisting of olistrostromes, volcanics and carbonate turbidites
have been divided into two different units, (2) the Kurcalikdere and (3) the
Yosuniukbayirn Formations (Altiner et al., 1991).

The ultramafics are composed of serpentinite, metabasite, red chert, and
gabbroic rock units. They were thrust over metamorphic rocks during the
Late Cretaceous (Cogulu, 1967).

The Paleocene sequence Kizilgay group (Altinh, 1976, 1977; Saner, 1979)
consists of reddish and grayish conglomerates, sandstones, siltstones,
mudstones, thin-bedded limestones, and volcaniclastic rocks. They were
deposited within fluvial and lacustrine environments, and their thickness
exceeds 2000 m (Onal et al., 1988).

Granites intruded the metamorphic rocks during the post-Permian time.
Amphibole from the granitic rocks has been dated by Rb-Sr as 4817,4 Ma
with 8Sr/%Sr initial ratio of 0,70579 (Helvaci, 1997). Aplite and pegmatite
veins are dominant in the granites, striking NE-SW and NW-SE, and dipping
to the south (Helvaci and Bozkurt, 1994). Although there is not enough data
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for the interpretation of the tectonic environment of the granitoid, some of the
indicators can be used. Molecular A,0; / Na;,0 + CaO + K0 ratio of the
samples is between 1.26-1.45. This ratio is (in general) <0.6 for M-type, 0.5-
1.1 for I-type, >1.1 for S-type, and 0.9-1.1 for A-type granitoids. The ratio
>1.26 is very distinctive for S-type granitoids. In addition, collisional granites
have very high 8Sr/*®Sr ratios (up to 0.8), indicating a crustal origin (Vidal et
al., 1984). All these data indicate that this granitoid was formed as a result of
partial melting of the sediments in a collisional orogeny during the syn- to

post-tectonic period.

Lutetian aged Nummulitic limestones around Kazan-Orhaniye basin (Akpinar
Limestone; Tokay ef al, 1988) and Beypazari basin (Sazak sandstone;
Helvaci ef al., 1989) reach to a thickness of approximately 250 meters.

2.3 Galatean Volcanic Province (GVP)

A brief review of the Galatean Volcanic Province (GVP) will be given here for
the following reasons; 1) the volcanics are widespread in the area and in
some cases, they interlayer with Neogene sedimentary rocks, 2) they are the
main source rocks of Neogene basins, 3) age determinations of these rocks
available in the literature are used to calibrate the age of the sedimentary

rocks.

GVP is a major Neogene volcanic belt located in the central northwestern
part of Turkey. It is a wedge shaped belt oriented ENE-WSW over a length of
about 280 km. The units have been called “Kiziicahamam volcanics” or
“Koéroglu volcanics” in previous studies (Tankut ef al., 1990). These names,
however, can be used to refer only to certain parts of the province and do not
represent the entire belt. The term “Galatean” is preferred here, and it applies

to the entire volcanic area, resembling one of the earlier names suggested
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for the province (Erol, 1954) that also has been used in recent investigations
(Keller et al., 1992).

The formation and evolution of the GVP is attributed to the closure of the
northern branch of the Neotethys (Sengér and Yilmaz, 1981; Kogyigit,
1991a). Two eruptive cycles of volcanic activity are observed within the GVP;
of which the older consists of calc-alkaline volcanics that comprise,
predominantly, lava flows and pyroclastics of intermediate to felsic
composition (Tankut et al., 1995a). Radiometric age determinations indicate
an age of 16-25 Ma for this cycle (Turkecan et al., 1991; Keller ef al., 1992;
Tankut et al, 1995a). The products of this cycle are correlated with
continental margin calc-alkaline rocks (similar to Andean volcanics), related
to plate convergence (Tankut ef al., 1990; Turkecan et al., 1991; Keller et al.,
1992). Volcanics are enriched in Rb, Lt, Sr, and depleted in Nd, which
represent subduction with an enriched mantle composition. These volcanics
are the product of a possible syn- or post-collisional phase. The younger
cycle, on the other hand, is represented by basalts of 11 to 9 Ma (Keller et
al., 1992; Tankut et al., 1995a, 1995b). These basalts are reported to be
alkaline in character, corresponding to typical rift-type basalts related to
extensional tectonics (Tankut and Turkmenoglu, 1988; Tankut et al., 1990;
Keller et al., 1992; Tankut ef al., 1995b). These basalts are high-K type
volcanics and of depleted mantle composition (MORB).

Nine volcanic complexes are identified within the GVP (Toprak et al., 1996)
(Table 2.1). These complexes will be used in this study to describe the
boundaries of the Neogene basins in the Stratigraphy chapter. These are the
Kartalkaya-Kéroglu, Daskamun, Kavaklidag, Sorgun, Ovacik, Soguksu,
Binkoz, Pazar, and Orta volcanic complexes. Circular or ellipsoidal
topographic masses that correspond to the volcanic form of either a
composite volcano or a caldera, with radial lava flows and volcanoclastics
characterize the complexes. The diameter of the complexes range from a few

km to 60 km, with their main eruption centers being located almost at the
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center, with a diameter of 2-3 km. Numerous parasitic cones scattered
around the main centers also are observed for most of the complexes. In
some of the complexes, however, parasitic cones cannot be identified
because of deep dissection and erosion (Toprak et al., 1996).

Table 2.1. General characteristics of the nine volcanic complexes identified within
the Galatean volcanic province (Toprak et al., 1996). Ages are from (1)
Ercan et al., 1990; (2) Turkecan et al., 1991; (3) Keller et al., 1992; (4)
Tankut et al., 1995.

Name Age (Ma) Size km Form Description

Kartalkaya- 21.7-24.8(2) 4060 Strato-volcano  The biggest complex in the GVP with twin centers.

Kéroglu 18.9-19.4 (3) Lava flows are close to the center and volcanoclastics
17.6 4) away. Thickness of volcanoclastic is more than 800 m

in the southwest.
Daskamun 18.0-18.2 (4) 30*20 Caldera Erol (1954). Caldera has a diameter of 4.5-5 km.

Several parasitic cones. NW boundary faulted.
Constitutes the base of Pegenek basin at the NW.
Kavakiidag n.a. 18*25 Strato-volcano  Conical morphology. Partly cuts Sorgun complex,
therefore is younger than other complexes. Its
relationship with Pecenek basin is not clear.

Sorgun 18.0-20.0 (3) 10*40 Caldera Caldera has a diameter of 8x3 km (deformed?).
16.9-18.8 (4) Exposed along horst in ENE-WSW direction.
Constitutes the base of Pegenek basin at the south.
Ovacik 20.7-20.9 (3) 15*15 Caldera Erol (1954). Caldera has a diameter of 5 km. Eastern
and northem boundaries are not clear. Constitutes the
Pegenek basin at the north.
Sofuksu n.a. 10*12 Strato-volcano Conical morphology. Eastern boundary is not clear.

Bounded by the Celtikgi graben at the south.
Constitutes the base of Pegenek basin at the east.

Binkoz n.a. 156*20 Strato-volcano  Well-developed circular morphology. isolated from
other complexes. Few parasitic cones. The northern
margin truncated by faults.

Pazar n.a. 12“15 Strato-volcano  Well-developed circular morphology. Isolated from
other complexes. South of it a possible main eruption
center could exist.

Orta 16.2-18.1 (1)  >15*20 Caldera Caldera has a diameter of >8 km. The eastern
boundary not clear. Whole NE wedge of GVP might
belong to the eruptions of this compiex.
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CHAPTER 3

STRATIGRAPHY

Stratigraphy of the study area will be discussed in this chapter. The pre-
Neogene basement rocks are not discussed here since they are not the main
concern of this study. A short review of basement rocks is given in Chapter 2
“Regional Geology”. Therefore, only Neogene units will be explained here.

A correlation chart of the Neogene units exposed in the region is pre;iared
using the existing literature (Figure 3.1). A geological map of the area is
given in Figure 3.2 which is originally prepared at a scale of 1/100,000. Some
selected areas are mapped with a scale of 1/25000. These areas will be

explained in the next section.

Neogene rocks are divided into 5 formations. These are, from bottom to top,
Coraklar (Early Miocene), Hirka (Early Miocene), Akpinar (Middle-Late
Miocene), Cayirhan (Late Miocene), and Kirmir (Late Miocene) formations.
Plio-Quaternary clastic rocks rest unconformably upon older formations
(Figure 3.3).

3.1 Coraklar Formation
The Coraklar Formation is first named by Yagmurlu et al. (1988) in the

Cayirhan area. It is composed of clastics of Early Miocene age. The type
locality is at the south of Sekli village.
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Figure 3.3. Generalized columnar section of the Neogene units in the study area.
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The formation is mainly exposed around the western part of the study area
particularly to the north of Cayirhan and around Koyunagil village (south of

Sariyer reservoir).

The Coraklar Formation unconformably overlies the pre-Neogene rocks. It is
conformably overlain by the Hirka Formation in the Cayirhan-Beypazari
region (Figure 3.4).

Figure 3.4. Coraklar Formation unconformably overlying basement
metamorphic rocks and is conformably underlying Hirka
Formation (north of Cayirhan town, view to west).

The Coraklar Formation consists of cross-bedded sandstones, channel-fill
conglomerates, mudstones, carbonaceous shales and volcanoclastic pebble
stones. Two coal seams (lower and upper) also exist in the Cayirhan area

within this formation.

The lower lignite seam occurs in the lower part of the Coraklar Formation and
varies in thickness from 2 to 9 meters. The coal is described as “soft brown
coal”, high in ash and sulfur (57% and 3%, respectively), less in carbon
(14%) and an average calorific value of 8700 kJ/kg (Yagmurlu et al., 1988).
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Sediments between the lower and upper lignite seams vary in thickness from
120 to 150 meters. They are divided into three lithologic units. The lower unit
is composed of sandstone and siltstone interbedded with conglomerates and
minor mudstones. Cross bedding, fining upward and ripple laminations are
common sedimentary structures of the deposit. The middle unit contains thin,
discontinuous and interbedded sandstones, siltstones, shales, claystones,
limestones, and volcanoclastics. The upper unit contains thin-bedded and
regular-laminated shale, claystone, mudstone and carbonaceous shales
(Yagmurlu et al., 1988).

The upper lignite seam occurs in the upper most part of the Coraklar
Formation with a thickness of 2.2-4 m based on TKi and MTA drill hole data.
The upper lignite seam and its respective splits are brownish to black,
irregular banded, dull to moderately bright and medium hard. The coal

usually contains disseminated pyrite/marcasite, gypsum, and minor calcite.

The lower lignite seam contains dominantly spore and pollen assemblages
(Pityosporites microalatus, Laevigatosporites heardti, Polyvestibulopollenites
verus and Tricolpopollenites densus) indicating a Middle Miocene age
(Helvaci, 1997). On the contrary, the age of the tuff layer within the overlying
Hirka Formation is 21.5 Ma, which is Early Miocene in age. This suggests
that age of the Coraklar Formation and the lignite seams must predate 21.5
Ma. The age of the Coraklar Formation is therefore accepted as Early

Miocene.

The lower lignite seam indicates a fluvial origin of the lignite deposits. On the
other hand, the upper lignite seam, indicate that the upper lignites were
deposited probably in a mud-flat facies of the playa lake environment
(Yagmurlu et al., 1988).
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3.2 Hirka Formation

The Hirka Formation is first named by inci et al. (1988). Its type locality is at
north of Cayirhan, near Hirka village. The formation consists mainly of
alternating shale, mudstone, oil shale, trona, claystone, tuff, intraformational

conglomerate and locally silicified limestones of Early Miocene age.

The formation is extensively exposed within the study region. The main

exposures are around Cayirhan-Beypazari, and Celtikgi-Pegenek areas.

The Hirka Formation conformably rests on the upper lignite seams of the
Coraklar Formation around Cayirhan and Beypazari. The unit is
unconformably overlain by the Akpinar Formation (Figure 3.5).

Akpinar Fin

Harka Em.

Figure 3.5. Unconformable boundary relationship between the Hirka and the
overlying Akpinar formations. The Hirka Formation which dips SW is
truncated by overlying the Akpinar Formation. (Karasar road, north of
Beypazar! town, view to NW).
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A stratigraphic section of Hirka Formation (Section 1) is measured at the east
of Celtikgi (Figure 3.6). The thickness of the formation in this section is more
than 175 meters. The unit is dominantly composed of paper shales
intercalated with limestone and sandstone layers at the lower part of the
section. Plant fossils, organic debris flows, and ripple laminations are
abundant. Blue-gray, silicified oolitic limestones, about 2-3 mm in diameter,
cemented by white-creamy white colored muddy rocks are observed just
above the extensive paper shale units. Silicified, sometimes cherty, muddy
limestones characterize the upper part of the Hirka Formation. The thickness

of the limestone is 12 meters. Many cavities have developed.

White to cream colored, very fine grained, massive, porcelaenous looking
mudstones overly the limestones. Thin light purple-brown colored tuffaceous
rocks exist in the sequence. Several very thin dark brown-black colored (3-4
cm thick in general) coal layers exist at the upper most part of the maristones
very near the ignimbrite contact. The upper most part of the sequence is

represented by light purple colored ignimbrite in the Celtik¢i area.

The formation contains some economic deposits such as trona, bituminous
shales and clay minerals. The trona deposit occurs within the formation as 2-
isolated zones of 12 major trona seams (total thickness of 35 meters) in the
area between Cakiloba and Zaviye villages at the NW of Beypazar.
Bituminous shales are thinly laminated, organic-rich, and brown colored. The
content of organic matter of the dark and brown bituminous shale is about
13%, and the upper calorific value ranges between 600-1140 Kcal/kg (Bir6n
et al., 1979). Smectite is the main clay mineral of the host rock (bituminous
shales and claystones). lllites make up about 10% of the host rock. K-
feldspars are second in importance after clay (Gindogdu et al., 1985).

Thick volcanoclastic and volcanic lenses are common within the formation
particularly in the Pecenek area which pinch out in short distances with
thicknesses of 100-150 meters. Silicified wood layers of about 30 meters

thick are characteristic towards the eastern central part of the Pegenek area.
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Coal: seam P o
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-150
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Paper Shale: brownicixilored. ?dolomitic

Figure 3.6. Measured section of the Hirka Formation (Section-1) at the east of
Celtikgi town.
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Ages of the Hirka Formation determined by the radiometric and palynologic
studies are not consistent with each other. Akyol (1969) assigned an age of
M. Miocene to the formation based on palinological determinations. Turkecan
et al. (1991) similarly, reported an age of Middle-Late Miocene from the coal
intercalations at the basal parts of the formation, where it conformably
overlies the volcanic product of Daskamun and Ovacik complexes. However,
the ages of the volcanic layers in the Daskamun and Ovacik complexes are
determined to be 18 Ma and 20 Ma, respectively (Tankut et al., 1995).

Since the Hirka Formation conformably overlies these volcanics, the age of
the formation should be older than the ages assigned by Akyol (1969) and
Turkecan et al. (1991). A tuff sample from the Beypazar area interbedded in
the Hirka Formation yields an age of 21.5+0.9 Ma by K-Ar age determination
method (Helvaci, 1997). Furthermore, Keller et al. (1992) assigned an age of
20 Ma to a sill (E: 405800, N: 4453500) of andesitic origin intruded into the oil
shales north of Beypazari. Sill formation is a post depositional activity;
therefore, the age of the formation has to be pre-20 Ma. All this information

indicates that the age of the Hirka Formation is Early Miocene.

Trona is unique to saline lake deposits (Picard & High 1972). The mode of
occurrence of the cherts and their enclosed pseudomorphs suggests a sub-
lacustrine precipitation of trona rather than precipitation in a saltpan (Parnell,
1988). At the west of Basagac village, west Celtikgi, stramotolites were
deposited within the lower part of the Hirka Formation. Algal mats are
commonly found on the shoreline of lakes, especially in the areas associated
with a Ghyben-Herzberg interface where a continuous, or near continuous,
seepage of groundwater occurs (Von der Borch et al., 1977; Warren, 1982).
Oolitic limestones are exposed at the southeastern part of the Celtikgi area,
towards the upper part of the limestones. The presence of oolites indicates
current or wave activity in shallow nearshore areas of a saline closed basin
lake (Eugster & Kelts 1983), and deposition in a shallow lake with fluctuating
depth and wave base, probably resulting from climatic change (Young &
Edmundson 1954; Carozzi 1964).
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3.3 Akpinar Formation

The Akpinar Formation is first named by Yagmurlu et al. (1988) in the
Beypazar area. It is composed of silicified limestone, chert, tuff, claystone,

and mudstone alternation of Middle-Late Miocene age.

The formation is exposed in a wide area, particularly in the Beypazari-Ayas

regions and to the east of Kazan-Sincan regions.

The lower boundary of the Akpinar Formation is unconformable. It
unconformably overlies the Hirka Formation of Early Miocene age in
Beypazari region; volcanic rocks of the Early Miocene around the Ayas
region; whereas, it nonconformably overlies the pre-Neogene basement
rocks around the Kazan and Sincan areas. The upper boundary, on the other
hand, has different stratigraphic relationships in different parts of the area. In
Beypazar area, the Cayirhan Formation of Late Miocene conformably
overlies the Akpinar Formation; while in the Ayas-Kazan areas the Kirmir

Formation of Late Miocene angular unconformably overlies the formation.

Stratigraphic section of the Akpinar Formation (Section 2) is measured at the
north of Ayas where the thickness of the formation is 172 m (Figure 3.7). The
formation in this section unconformably overlies volcanic rocks of Early
Miocene age. Following levels are identified within the formation, from bottom
to top: 1) 50 m thick purple to dirty yellow, loose conglomerates with
subrounded to well-rounded volcanic and metamorphic pebbles, 2) 8.5 m
thick dark green silty claystone, 3) 6.5 m thick purple conglomerates with
rounded pebbles, 4) 21 m thick dark brown-green claystone-limestone
alternation, 23 m thick white limestone and limestone-claystone alternation,
5) 63 m thick dark conglomerates with limy matrix and rounded clasts. The

Kirmir Formation at the top unconformably overlies the formation.
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Figure 3.7. Measured section of the Akpinar Formation at the north of Ayas town
(Section 2) (Coordinates E: 443164, N: 4435110).
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Thickness of the formation is more than 300 m in Beypazari area. There, the
formation starts with silicified limestones, continue upward with chert, tuff,
claystone, and mudstone alternation, and ends with silicified limestones. The
claystones generally are greenish, thick-bedded, ripple marked and mud-

cracked, mostly silicified and locally contain nodular chert.

Age of the Akpinar Formation is assigned as Serravalian-Early Tortonian by
Gurblz (1981) based on the following fossil assamblage identified in inénii
area from the limestones; Latitherim prius Ozansoy, Hipparion galaticum
Ozansoy, Syncolophus meteai Ozansoy, Serridentius sp. He described a
lower jaw fragment belonging to Hemicyon sansaiensis from the Middle
Miocene Anchitherium fauna of inénii locality (Kazan-Ankara). He indicated
that inénii fauna can be Early Astaracian in age and placed in mammalian
zone 6. Kavusan (1991) studied the coal seams around Cayirhan and
identified Causcasotachea pyrpomysica Oppenheim 1919 within the
Akpinar Formation. This indicates that Akpinar Formation is Vallasian-

Turolian in age.

These ages are consistent with the ages of underlying and overlying units.

Therefore Vallasian-Turolian age is also adopted in this study.

Sedimentary structures and lithological features of the Akpinar Formation in
Beypazari area indicate a shallow and wave active depositional environment,

periodically drying and filling up with volcanic products (inci et al., 1988).

3.4 Cayirhan Formation

The Cayirhan Formation is first named by Yagmurlu et al. (1988) in the
Beypazari area. It is composed of greenish claystone, mudstone, marl, local

sandstone layers, and gypsum beds of Late Miocene age.

The formation is exposed only at the western part of the study area around
Beypazar and Cayirhan. It extends as a belt in a NE-SW direction.
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